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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent the reduction of 
the oxygen concentration in a piezo-electric thin film and 
to improve the characteristics of a piezo-electric body in 
the process for forming the piezo-electric thin film 
element by performing heat treatment after the formation 
of a lower electrode and before the formation of the piezo- 
electric thin film under oxygen atmosphere. 
SOLUTION: A piezo-electric thin film element has a silicon 
substrate 11, a silicon oxide film 12 formed on the 
substrate 11, a titanium film 13 formed on the oxide film 
12, a titanic-acid lead zirconate (PTZ) film 15 of the piezo- 
electric thin film formed on a lower electrode 14 and an 
upper electrode 16 formed on the film 15. Before the PTZ 
is annealed, the heat treatment of the lower electrode 14 
is performed under the presence of oxygen. Thus, the 
oxygen in the piezo-electric thin film 15 is trapped in each 
grain boundary in the lower electrode 14. By the heat 
treatment of the lower electrode 14 under the oxygen 
atmosphere, the compound of the oxygen diffused into 

platium and Ti appears as round particles equally dispersed in the lower electrode 14. Therefore, 
the piezo-electric thin film 15 having the excellent characteristics of the piezo-electric body is 
obtained by preventing the reduction of the oxygen concentration in the piezo-electric thin film 
15. 




LEGAL STATUS 

[Date of request for examination] 1 5.04.2004 

[Date of sending the examiner 1 s decision of 
rejection] 

[Kind of final disposal of application other than 



4 



the examiners decision of rejection or 
application converted registration] 
[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner s decision of 
rejection] 

[Date of requesting appeal against examiner s 
decision of rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 



* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the piezo electric crystal thin film characterized by forming 
a top electrode and a bottom electrode on both sides of the piezo electric crystal film, and heat- 
treating under an oxygen ambient atmosphere in the manufacture approach of the piezo electric 
crystal thin film which carries out the formation postheat treatment of said piezo electric crystal 
on a bottom [ this ] electrode before after [ said bottom electrode formation ] piezo electric 
crystal thin film formation. 

[Claim 2] The approach according to claim 1 said oxygen ambient atmosphere is 60% or more of 
oxygen tension. 

[Claim 3] The piezo electric crystal thin film which comes to heat-treat said bottom electrode 
under oxygen existence in the piezo electric crystal thin film equipped with the piezo electric 
crystal film which consists of the polycrystalline substance, and an electrode when arranged on 
both sides of this piezo electric crystal film and a bottom electrode before forming a piezo electric 
crystal thin film on said bottom electrode. 

[Claim 4] The piezo electric crystal thin film characterized by the oxygen ratio of concentration (r) 
of the oxygen density of the piezo electric crystal near said bottom electrode and a piezo electric 
crystal thin film being in or more 0.9 1.2 or less range in the piezo electric crystal thin film 
equipped with the piezo electric crystal film which consists of the polycrystalline substance, and an 
electrode when arranged on both sides of this piezo electric crystal film and a bottom electrode. 
r= (oxygen density in the piezo electric crystal film the oxygen density / near the bottom 
electrode) [ in a piezo electric crystal thin film ] 

[Claim 5] The actuator which uses said piezo electric crystal thin film according to claim 3 or 4 as 
a mechanical stress generating means. 

[Claim 6] The ink jet type recording head equipped with said actuator according to claim 5. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a piezo electric 
crystal thin film. Furthermore, this invention relates to the piezo electric crystal thin film obtained 
using this manufacture approach, and the actuator using this. 
[0002] 

[Description of the Prior Art] This actuator transforms electric energy into mechanical energy, or 
performs that reverse, and is used for a pressure sensor, a temperature sensor, an ink jet type 
recording head, etc. In the ink jet type recording head, the piezo electric crystal thin film is used as 
vibrator used as the driving source of the ink regurgitation. 

[0003] This piezo electric crystal thin film has the structure generally equipped with the piezo 
electric crystal thin film which consists of the polycrystalline substance, and an electrode when 
arranged on both sides of this piezo electric crystal thin film and a bottom electrode. Generally the 
presentation of this piezo electric crystal thin film is made into the binary system which uses 
titanic-acid lead zirconate (henceforth "PZT") as a principal component, or the three-component 
system which added the third component to PZT of this binary system. 

[0004] The piezo electric crystal thin film of these presentations can be formed with a spatter, a 
sol gel process, the laser ablation method, or a CVD method. 

[0005] The ferroelectric using binary system PZT as these examples is indicated by "Applied 
Physics Letters, 1991, Vol.58, No.11, and pages 1161-1 163." Moreover, JP,6-40035 T A and the 
piezo electric crystal which used binary system PZT for "Journal of The American Ceramic 
Society, 1973, Vol.56, No.2, and pages 91-96" are indicated. 

[0006] When applying said piezo electric crystal thin film to for example, an ink jet type recording 
head, a piezo electric crystal thin film (PZT film) equipped with 0.4 micrometers - about 20 
micrometers thickness is desired. Furthermore, since a high piezoelectric strain constant is 
required of this piezo electric crystal thin film, it heat-treats at the temperature of 700 degrees C 
or more, and it is usually supposed that it is required to grow up the crystal grain of this piezo 
electric crystal thin film. 
[0007] 

[Problem(s) to be Solved by the Invention] However, this invention person came to acquire the 
knowledge of the oxygen density in a piezo electric crystal thin film falling, and degrading a 
piezoelectric strain constant by this heat treatment Then, the following judgments were acquired 
when this invention person examined this reason wholeheartedly. That is, the platinum used as the 
bottom electrode of a piezo electric crystal thin film is rich in the property to adsorb oxygen so 
that clearly from it being what is used as an oxidation catalyst. 

[0008] Therefore, a bottom electrode is made combined with the titanium which carried out the 
trap of the oxygen in PZT when PZT was sintered, and has been diffused in a bottom electrode. 
[0009] Then, this invention aims at offering the manufacture approach of a piezo electric crystal 
thin film excellent in the piezo electric crystal property in the process which forms a piezo electric 
crystal thin film by preventing lowering of the oxygen density in a piezo electric crystal thin film, in 
order to solve such a technical problem. 



[0010] Other objects of this invention are offering such a piezo electric crystal thin film. The object 
of further others of this invention is offering the actuator equipped with this piezo electric crystal 
thin film, especially an ink jet type recording head. 
[0011] 

[Means for Solving the Problem] In order to attain this object, this invention forms a top electrode 
and a bottom electrode on both sides of the piezo electric crystal film which consists of the 
polycrystalline substance, and is characterized by heat-treating under an oxygen ambient 
atmosphere before after [ said bottom electrode formation ] piezo electric crystal thin film 
formation in the manufacture approach of the piezo electric crystal thin film which carries out the 
formation postheat treatment of said piezo electric crystal on a bottom [ this ] electrode. Said 
oxygen ambient atmosphere is desirable and oxygen tension is 60% or more of range (with volume 
ratio). When oxygen tension is less than 100%, other gas is nitrogen or an argon. 
[0012] Furthermore, in the piezo electric crystal thin film equipped with the piezo electric crystal 
film which consists of the polycrystalline substance, and an electrode when arranged on both sides 
of this piezo electric crystal film and a bottom electrode, before the piezo electric crystal thin film 
concerning this invention forms a piezo electric crystal thin film on said bottom electrode, it heat- 
treats and said bottom electrode consists of under oxygen existence. 

[0013] Moreover, other piezo electric crystal thin films concerning this invention are characterized 
by the oxygen ratio of concentration (r) of the oxygen density in the piezo electric crystal thin film 
near said bottom electrode and a piezo electric crystal thin film being in or more 0.9 1.2 or less 
range in the piezo electric crystal thin-film thing equipped with the piezo electric crystal film which 
consists of the polycrystalline substance, and an electrode when arranged on both sides of this 
piezo electric crystal film and a bottom electrode. Here, an oxygen density (r) is displayed as 
follows. Near means less than 10x10 - 9m. 

[0014] r= (oxygen density in the piezo electric crystal film the oxygen density / near the bottom 
electrode) [ in a piezo electric crystal thin film ] 

Furthermore, this invention is characterized by being the actuator which uses said piezo electric 
crystal thin film as a mechanical stress generating means. Furthermore, this invention is 
characterized by being the ink jet type recording head equipped with said actuator. 
[0015] 

[Embodiment of the Invention] Next, the gestalt of operation concerning this invention is explained 
with reference to a drawing. In addition, the gestalt of this operation explains the case where the 
PZT film is formed as piezo electric crystal film. 

[0016] (Gestalt 1 of operation) Drawing 1 is the sectional view showing the configuration of the 
piezo electric crystal component concerning this invention. This piezo electric crystal thin film is 
equipped with the electrode 16 after being formed on a silicon substrate 1 1, the silicon oxide 12 
formed on the silicon substrate 11, the PZT film 15 formed on silicon oxide the titanium film 
(Ti/TiO<SUB>2-/Ti) 13 formed 12 top and the bottom electrode (Ti/Pt) 14, and the PZT film 15, 
and is constituted. 

[0017] Said bottom electrode 14 is formed from the platinum combined with the layer of titanium 
and titanium oxide like previous statement at the time of film production. By making the bottom 
electrode 14 such a configuration, since it says that the lattice constant of the bottom electrode 
14 and the lattice constant of the PZT film 15 can carry out near, adhesion with the PZT film 15 
formed in behind can be raised. 

[0018] The titanium layer which consists of (Ti/Ti02/Ti) is formed for raising the adhesion 
between silicon oxide and a platinum layer on silicon oxide 12. Furthermore, Ti is formed on 
platinum for making a piezo-electric thin film into a columnar structure like the after-mentioned. 
[0019] this invention persons have proposed from sometime past that a piezo electric crystal 
property can be improved by making the crystal structure of a piezo electric crystal thin film into a 
columnar structure. The crystal structure of a piezo electric crystal thin film can be adjusted to 
structure which raises a piezo electric crystal property by forming titanium in the shape of an 
island on platinum. 

[0020] In addition, (Ti/Ti02/Ti) of the titanium film is not observed with a scanning electron 
microscope by annealing performed after PZT film production as what is spread in Pt or Si02 and 



forms a layer special on a bottom electrode, either. 

[0021] The PZT film 15 consists of the polycrystalline substance, and the grain boundary of this 
crystalline exists in the abbreviation perpendicular direction to the flat surface of the vertical 
electrodes 14 and 16, as shown in drawing 3 and drawing 4 . That is, the crystal grain of PZT has 
accomplished the columnar structure. 

[0022] That to which this PZT film 15 uses binary system as a principal component, and the thing 
which uses as a principal component three-component system which added the third component 
to this binary system are used suitably. What has the presentation expressed with the chemical 
formula of Pb(ZrxTi 1-x) 03+YPbO (being here 0.40<=X<=0.6, 0<=Y<=0.3) as a desirable example of 
binary system PZT is mentioned. 

[0023] Moreover, as a desirable example of three-component system PZT, what has the 
presentation expressed with the chemical formula shown in the following which added the third 
component is mentioned to PZT of said binary system. 
[0024] 

PbTiaZrb(AgBh) c03+ePbO+(fMgO)n (here, A expresses the trivalent metal chosen from the group 
which consists of a divalent metal chosen from the group which consists of Mg, Co, Zn, Cd, Mn, 
and nickel, or Sb, Y, Fe t Sc, Yb, Lu, In and Cr.) Moreover, B expresses the pentavalent metal 
chosen from the group which consists of Nb, Ta, and Sb, or the metal of 6 ** chosen from the 
group which consists of W and Te. Moreover, although it is a+b+c-1, 0.35<=a<=0.55, 0.25<=b<=0.55, 
0.1<=c<=0.4, 0<=e<=0.3 t 0<=f<=0.15c, g=f=1/2, and n= 0 however, A — a trivalent metal — it is — 
and B — the metal of 6 ** — not but — moreover, the case where g is 1/3, and h is 2/3, and Mg 
and B of A are Nb(s) when A is a divalent metal and B is a pentavalent metal — as long as — n 
expresses 1. 

As a more desirable example of three-component system, magnesium lead niobate, i.e., A, is Mg, B 
is Nb, and that 1 /whose 3h g is 2/3 is mentioned. 

[0025] Furthermore, even if it is any of these binary system PZT and three-component system 
PZT, in order to improve the piezo-electric property, Ba, Sr, La, Nd, Nb, Ta, Sb, Bi, W, Mo, calcium, 
etc. of a minute amount may be added. In three-component system, addition of Sr not more than 
0.10 mol % and Ba is especially much more desirable to an improvement of a piezo-electric 
property. Moreover, since addition of Mn not more than 0.10 mol % and nickel improves the degree 
of sintering in three-component system, it is desirable. 

[0026] In the process which forms the piezo electric crystal thin film 15, in order to acquire 
structure like previous statement, predetermined heat treatment is performed. According to the 
place which this invention persons examined, the oxygen in PZT is spread in a bottom electrode in 
the case of this heat treatment If a bottom electrode is formed by sputtering so that it may 
mention later, it will check that an electrode has a columnar structure like PZT. In this crystal 
structure, the inclination for the trap of the oxygen to be carried out to a grain boundary is strong, 
and the titanium diffused in platinum forms an oxide in this grain boundary. 

[0027] Then, this invention person proposed forming heat treatment for a bottom electrode under 
oxygen existence, before annealing PZT, as shown below. Drawing 4 is the scanning 
microphotography which shows the cross section of the cross direction of the piezo electric 
crystal thin film formed by the approach described below, and was obtained under conditions with 
an acceleration voltage [ of 15kV ], and a cash-drawer electrical potential difference of 4.0kV. 
[0028] According to this, it turns out that a bottom electrode and the piezo electric crystal film 
have the pillar-shaped crystal structure mostly mentioned already. The trap of the oxygen in a 
piezo electric crystal thin film is carried out to each grain boundary in a bottom electrode. 
Moreover, it has appeared as a round grain which the compound of the oxygen and Ti which were 
diffused in platinum is among a bottom electrode, and carried out division-into-equal-parts powder 
by heat treatment under the oxygen ambient atmosphere of a bottom electrode. 
[0029] Next, the manufacture approach of the piezo electric crystal thin film concerning 1 
operation gestalt of this invention is explained with reference to a drawing. 

[0030] Drawing 5 (a) thru/or drawing 5 (c) are the sectional views showing the production process 
of the piezo electric crystal thin film mentioned above. At the process shown in drawing 5 (a), it 
oxidizes thermally to a silicon substrate 11, and the silicon oxide 12 whose thickness is about 0.3- 



1.2 micrometers is formed on a silicon substrate 11. Next, the thickness as the whole forms the 
titanium film 13 which consists of Ti/Ti02/Ti (0.01 micrometers thru/or about 0.04 micrometers) 
on silicon oxide 12 by the spatter. Subsequently, the bottom electrode 14 which consists of 
platinum is formed by about 0.2-0.8-micrometer thickness on the titanium film 13 by the spatter. 
[0031] The spatter conditions at this time are as follows. The direct-current sputtering system 
was used as equipment. A spatter flow and pressure requirement is 0.4Pa. In Pt, electrical- 
potential-difference conditions are 1kw(s), and, in the case of Ti, it is 200w, and, in Ti02, is 300w. 
In the case of Pt and Ti, the conditions of a controlled atmosphere are among an argon, and, in 
Ti02, it is O2/Ar=10/90. 

[0032] subsequently, the component in the middle of this film production — a diffusion furnace — 
putting in — the bottom of an oxygen ambient atmosphere (60% or more of oxygen tension), 400, or 
600 degrees C — 30 — or it heats for 60 minutes, or a RTA (Rapid Thermal Annealing) furnace — 
this component — putting in — the inside of an oxygen ambient atmosphere (flow rate 5 L/min) — 
temperature 400 thru/or 600 degrees C — time amount — 60 — or it heats for 300 seconds. 
[0033] Next, titanium is formed in the shape of an island by the spatter on the bottom electrode 14 
formed at the process shown in drawing 5 (a) like the process shown in drawing 5 (b). Orientation 
of the crystal structure of a piezo electric crystal thin film can be strongly carried out to the 100th 
page by making this titanium into 40 thru/or 60A thickness. 

[0034] Subsequently, this PZT film 15 is produced on this. This is performed with a sol gel process. 
Here, suppose that PZT is manufactured with the multilayer coat of two coats 8 times using a sol 
gel process. This sol gel process is as follows. 

[0035] This manufacture approach is an approach of carrying out dehydration processing of the 
hydration complex of the hydroxide of the metal component which can form the PZT film 15, i.e., 
the sol, considering as gel, carrying out heating baking of this gel, and adjusting an inorganic oxide. 
This manufacture approach consists of each following process. 

[0036] a. In the gestalt of membrane formation process book operation of a sol constituent, the sol 
of the metal component which constitutes the PZT film can hydrolyze and adjust from an acid the 
metaled alkoxide or the acetate which can form the PZT film. In this invention, the presentation of 
the PZT film mentioned above can be acquired by controlling the presentation of the metal in a sol. 
That is, let titanium, a zirconium, lead, each alkoxide of the metal component of further others, or 
acetate be a start raw material. 

[0037] Here, there is an advantage that the presentation of the metal component which will 
constitute the PZT film by the time it considers as the PZT film (piezo electric crystal thin film) 
eventually is maintained mostly. That is, the presentation of a metal component [ in / there are 
very little metal component and fluctuation especially according to evaporation of a lead 
component etc. during baking and annealing treatment, therefore / these start raw materials ] will 
be in agreement with the metal presentation in the PZT film obtained eventually. That is, the 
presentation of gel is determined according to the piezo electric crystal film (the gestalt of this 
operation PZT film) which it is going to generate. 

[0038] Moreover, in order to obtain the PZT film with which the lead component mentioned above 
becomes superfluous with the gestalt of this operation, 15-mol the thing carried out to an excess 
to % is preferably more desirable than the amount of which a lead component is required from a 
stoichiometry in a sol to 20-mol %. 

[0039] As for this sol, with the gestalt of this operation, it is desirable to be used as a constituent 
mixed with the organic high molecular compound. This organic high molecular compound prevents 
effectively that absorb the residual stress of a thin film at the time of desiccation and baking, and a 
crack arises in this thin film. If the gel containing this organic macromolecule is specifically used, 
pore will arise in the gelled thin film which is mentioned later. It is thought that this pore absorbs 
the residual stress of a thin film in pre annealing and the annealing process which are mentioned 
further later. Here, as an organic high molecular compound used preferably, polyvinyl acetate, 
hydroxypropylcellulose, a polyethylene glycol, the polyethylene-glycol monomethyl ether, a 
polypropylene glycol, polyvinyl alcohol, polyacrylic acid, a polyamide, the poly AMIKU acid, an acetyl 
cellulose, its derivative, and those copolymers are mentioned. 

[0040] In addition, with the gestalt of this operation, the porosity gel thin film which is 1 



micrometer or less in magnitude, and had large distribution can be formed by adding 
hydroxypropylcellulose for the porosity gel thin film which has much about 0.05-micrometer pores 
by adding polyvinyl acetate. 

[0041] With the gestalt of this operation, a with an average molecular weight of about 285 to 420 
thing is suitably used as a polyethylene glycol. Moreover, as a polypropylene glycol, a with an 
average molecular weight of about 300 to 800 thing is used suitably. 

[0042] By the manufacture approach concerning the gestalt of this operation, this sol constituent 
is first applied on the bottom electrode 14 (refer to drawing 5 (b)) which is going to form the PZT 
film 15. Especially the method of application at this time is not limited, but the approach usually 
performed, for example, a spin coat, a DIP coat, a roll coat, a bar coat, etc. can perform it. 
Moreover, it can also apply by flexographic printing, screen-stencil, offset printing, etc. 
[0043] Moreover, when the process after it is taken into consideration, as for the thickness of the 
film formed of said spreading, it is desirable to control so that the thickness of the porosity gel thin 
film formed in the gelation process mentioned later is set to 0.3 micrometers or less, and it is good 
to be more preferably referred to as about 0.2 micrometers. 

[0044] Next, the applied sol constituent is heated at air drying or the temperature of 200 degrees 
C or less. Here, said sol constituent can be further applied on this film dried (heating), and 
thickness can also be thickened. In this case, as for the film used as a substrate, it is desirable to 
dry at the temperature of 80 degrees C or more. 

[0045] b. Calcinate the film obtained at the gelation process of the film which consists of a sol 
constituent, next the membrane formation process of a sol constituent mentioned above, and form 
the porosity gel thin film which consists of an amorphous metallic oxide which does not contain the 
residual organic substance substantially. 

[0046] Baking is sufficient temperature to gel the film of a sol constituent and remove the organic 
substance out of the film, and is performed by [ sufficient ] carrying out time amount heating. It is 
desirable to make burning temperature into 300-450 degrees C with the gestalt of this operation, 
and it is still more desirable to make it 350-400 degrees C. 

[0047] Although it changes with temperature and the formats of a furnace to be used, when a 
cleaning furnace is used for example, about 10-120 minutes of firing time are desirable, and it is 
more desirable to consider as about 15-60 minutes. Moreover, when a hot plate is used, about 1 
- 60 minutes is desirable, and it is still more desirable to consider as about 5-30 minutes. 
[0048] Of the above process, the porosity gel thin film was formed on the bottom electrode 14. 
[0049] c. Carry out heating baking of the porosity gel thin film obtained at the pre annealing 
process, next the process b mentioned above, and change this film into the film which consists of a 
metal oxide film of a crystalline substance. 

[0050] What is necessary is not to perform baking until a perovskite mold crystal occupies most 
during a crystal, and just to terminate it, when a gel thin film crystallizes to homogeneity although 
carried out at temperature required in order to change a porosity gel thin film into the film which 
consists of a metallic oxide of a crystalline substance. With the gestalt of this operation, as a 
burning temperature, the range of 400-800 degrees C is desirable, and it is more desirable to 
calcinate in the range which is 550-750 degrees C. Although it changes with burning temperature 
and the formats of a furnace to be used, when using an annealing furnace, for example, about 0.1 - 
5 hours of firing time are desirable, and it is more desirable. [ of about 0.5 - 2 hours ] Moreover, 
when a RTA (Rapid Thermal Annealing) furnace is used, about 0.1 - 10 minutes is desirable, and 
about 1-5 minutes is more desirable. 

[0051] Moreover, with the gestalt of this operation, this pre annealing process can be divided into 
two steps, and can be carried out As a first stage story, annealing can be performed at the 
temperature of the range of 400-600 degrees C, next, specifically, annealing can be first performed 
at the temperature of the range of 600-800 degrees C as a second stage story. Furthermore, as a 
first stage story, annealing can be performed at the temperature of the range of 450-550 degrees 
C, next annealing can be preferably performed at the temperature of the range of 600-750 degrees 
C as a second stage story. 

[0052] According to this process, the porosity gel thin film was transformed to the film which 
consists of a metal oxide film of a crystalline substance. 



[0053] d. It consists of a metal oxide film according to the pre annealing process of Process C, and 
carry out film conversion, after repeating the processes a and b mentioned above further 3 times a 
repeat process, next henceforth and carrying out the four-layer laminating of the porosity gel thin 
film. Subsequently, island-like titanium is formed in the shape of an island by the approach as 
stated above on PZT, and the processes a and b as stated above are repeated further 4 times. 
[0054] What is necessary is just to determine suitably the number of laminatings of the cascade 
screen obtained as a result of this repeat process in consideration of the thickness of the final 
PZT film 15. Here, it is good that it is 0.15 micrometers of hits much more. In addition, it cannot be 
overemphasized that it is desirable that it is the thickness which a crack etc. does not generate in 
degree process (process e) mentioned later. 

[0055] At this repeat process, the porosity gel thin film which newly formed the porosity gel thin 
film and was newly formed on the film formed previously as a result of subsequent pre annealing 
turns into film formed previously and film unified substantially. 

[0056] Here, a discontinuity layer may be not only when there is no discontinuity layer between the 
layers by which the laminating was carried out to the film unified substantially but between the 
layers by which the laminating was carried out unlike the case of the PZT film 15 concerning the 
gestalt of this operation obtained eventually. And in repeating Processes a, b, and c further, a still 
newer porosity gel thin film is formed, and this new porosity gel thin film turns into film 
substantially united with the cascade screen of the crystalline substance obtained above as a 
result of subsequent pre annealing. 

[0057] e. Perform annealing on the film obtained at the perovskite mold crystal growth process, 
next said process d in 800-1000 degrees C still more preferably the burning temperature of 600- 
1200 degrees C. Although it changes with burning temperature and the formats of a furnace to be 
used, when an annealing furnace is used for example, about 0.1 - 5 hours of firing time are 
desirable, and it is more desirable. [ of about 0.5 - 2 hours ] Moreover, when a RTA furnace is 
used, about 0.1 - 10 minutes is desirable, and about 0.5 - 3 minutes is more desirable. 
[0058] Moreover, with the gestalt of this operation, this perovskite mold crystal growth process, 
i.e., annealing, is divided into two steps, it is carried out and is made. Annealing is performed at the 
temperature of about 600-800 degrees C, and, specifically, the temperature of 800-1000 degrees C 
performs annealing on a second stage story on a first stage story. Furthermore, preferably, 
annealing can be performed at the temperature of about 600-750 degrees C, and the temperature 
of 800-950 degrees C can perform annealing on a second stage story on a first stage story. 
[0059] Of the above actuation, PZT whose thickness which consists titanium of the polycrystalline 
substance of the shape of a column which grew as a nucleus is 1.2 micrometers is formed on the 
bottom electrode 14. 

[0060] Next, it precedes forming the piezo electric crystal thin film after bottom electrode 
formation, and the comparison of a piezo-electric property with the case (comparison method) 
where it is made the same conditions is shown [ all of the case (this invention method) where 
previous statement is heat-treated, and except for having not performed it ]. 
[0061] 

jEEftsa&dai assegai mw& 

150(pC/N) 11.2 1500 

120(pC/N) 9.0 1500 

Thus, according to this invention method, the piezo electric crystal thin film which excelled [ all ] in 
the piezo-electric property as compared with the conventional method can be obtained. When this 
invention person measured the oxygen density in a piezo electric crystal thin film, and the oxygen 
density in the piezo electric crystal film near 10nm near the bottom electrode in the piezo electric 
crystal thin film obtained by this invention method, the oxygen density in the piezo electric crystal 
film near the bottom electrode was large as compared with it in a piezo electric crystal thin film, 
and it checked that said ratio (r) had been 0.95. Moreover, the oxygen density in the piezo electric 
crystal film near the bottom electrode was 35 atoms %. 

[0062] When this invention person inquires wholeheartedly, as for the ratio (r) of both oxygen 



density, it is desirable that it is the range of 0.9 thru/or 1.2, and, as for the oxygen density of the 
inside near the bottom electrode, it is desirable that it is the range of 30 thru/or 60 atom %. On the 
other hand, a ratio (r) is about 0.67 and, as for these properties of a conventional method, unlike 
this invention, lowering of the oxygen density in the PZT film was observed notably. In addition, 
measurement of these oxygen densities was performed as follows. 

[0063] The thin film fragmentation of the piezo electric crystal thin film was carried out with the 
low angle ion milling system, and the component analysis of this was carried out in TEM 
(transmission electron microscope), the used equipment and low angle ion milling — Japan Fiji tech 
and — Hang lei It is made in Linda and TEM is Philip FEG-CM200TEM. In addition, the applied 
voltage in the case of the XEDX observation by TEM is 200kV. 

[0064] A measurement result is data which took the average of four points, and is as follows. 
[0065] 

PZTBt* T«ffiiS# 
*»B 33.8 35,3 
ft* 26.4 39.2 

(The unit of data is atomic %.) 

According to this invention, a piezoelectric constant (d31) can be improved 20 to 30% compared 
with the conventional thing. 

[0066] The process of drawing 5 (b) is ended by the above, and it shifts to the process shown in 
drawing 5 (c) below. At this process, thickness forms the electrode 16 when consisting of about 
0.2-1 .0-micrometer aluminum by the spatter on the PZT film 15 obtained at the process shown in 
drawing 5 (b). 

[0067] Thus, the piezo electric crystal thin film as shown in drawing 2 was obtained. In addition, it 
was checked that there is no generating of a crack in the obtained PZT film 15, and the surface of 
discontinuity of the shape of a layer by the laminating does not exist in a cross section, either. 
[0068] Drawing 6 is the sectional view showing one ink reservoir part of the ink jet type recording 
head which used the piezo electric crystal thin film concerning this invention as a trembler. 
[0069] The ink jet type recording head concerning the gestalt 3 of operation The silicon substrate 
21 in which the ink reservoir 27 was formed as shown in drawing 6 , The diaphragm 22 formed on 
the silicon substrate 21, and the bottom electrode 23 formed in the request location on a 
diaphragm 22, It is on the bottom electrode 23, and it has the piezo electric crystal thin film 24 
formed in the location corresponding to the ink reservoir 27, the electrode 25 after being formed 
on the piezo electric crystal thin film 24, and the 2nd substrate 26 joined to the underside of a 
silicon substrate 21, and is constituted. 

[0070] The bottom electrode 23 has the same configuration as the bottom electrode explained with 
the gestalt 2 of operation. Moreover, the piezo electric crystal thin film 24 has the same 
configuration as the PZT film explained with the gestalt 1 of operation. 

[0071] Ink is supplied to the ink reservoir 27 through the ink passage which does not illustrate this 
ink jet type recording head. Here, if an electrical potential difference is impressed to the piezo 
electric crystal film 24 through the bottom electrode 23 and the top electrode 25, the piezo 
electric crystal film 24 will deform and a pressure will be applied to the ink in the ink reservoir 27. 
It is breathed out by this pressure from the nozzle which ink does not illustrate, and ink jet record 
is performed with it 

[0072] Since the piezo electric crystal thin film excellent in the piezo-electric property as stated 
above is used for this ink jet type recording head as vibrator, it can make ink breathe out by the 
big pressure here. 
[0073] 

[Effect of the Invention] As explained above, according to the manufacture approach of the piezo 
electric crystal thin film concerning this invention, in the process which forms a piezo electric 
crystal thin film, the piezo electric crystal thin film excellent in the piezo electric crystal property 
can be offered by preventing lowering of the oxygen density in a piezo electric crystal thin film. 
[0074] Moreover, according to this invention, the piezo electric crystal thin film excellent in the 



piezo electric crystal property can be offered by preventing lowering of the oxygen density in a 
piezo electric crystal thin film. 

[0075] Furthermore, according to this invention, although the actuator equipped with this piezo 
electric crystal thin film, especially an ink jet type recording head are offered, it can do. 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to the manufacture approach of a piezo electric 
crystal thin film. Furthermore, this invention relates to the piezo electric crystal thin film obtained 
using this manufacture approach, and the actuator using this. 
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PRIOR ART 



[Description of the Prior Art] This actuator transforms electric energy into mechanical energy, or 
performs that reverse, and is used for a pressure sensor, a temperature sensor, an ink jet type 
recording head, etc. In the ink jet type recording head, the piezo electric crystal thin film is used as 
vibrator used as the driving source of the ink regurgitation. 

[0003] This piezo electric crystal thin film has the structure generally equipped with the piezo 
electric crystal thin film which consists of the polycrystalline substance, and an electrode when 
arranged on both sides of this piezo electric crystal thin film and a bottom electrode. Generally the 
presentation of this piezo electric crystal thin film is made into the binary system which uses 
titanic-acid lead zirconate (henceforth "PZT") as a principal component, or the three-component 
system which added the third component to PZT of this binary system. 

[0004] The piezo electric crystal thin film of these presentations can be formed with a spatter, a 
sol gel process, the laser ablation method, or a CVD method. 

[0005] The ferroelectric using binary system PZT as these examples is indicated by "Applied 
Physics Letters, 1991, Vol.58, No.11, and pages 1161-1163." Moreover, JP,6-40035,A and the 
piezo electric crystal which used binary system PZT for "Journal of The American Ceramic 
Society, 1973, Vol.56, No.2, and pages 91-96" are indicated. 

[0006] When applying said piezo electric crystal thin film to for example, an ink jet type recording 
head, a piezo electric crystal thin film (PZT film) equipped with 0.4 micrometers - about 20 
micrometers thickness is desired. Furthermore, since a high piezoelectric strain constant is 
required of this piezo electric crystal thin film, it heat-treats at the temperature of 700 degrees C 
or more, and it is usually supposed that it is required to grow up the crystal grain of this piezo 
electric crystal thin film. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] As explained above, according to the manufacture approach of the piezo 
electric crystal thin film concerning this invention, in the process which forms a piezo electric 
crystal thin film, the piezo electric crystal thin film excellent in the piezo electric crystal property 
can be offered by preventing lowering of the oxygen density in a piezo electric crystal thin film. 
[0074] Moreover, according to this invention, the piezo electric crystal thin film excellent in the 
piezo electric crystal property can be offered by preventing lowering of the oxygen density in a 
piezo electric crystal thin film. 

[0075] Furthermore, according to this invention, although the actuator equipped with this piezo 
electric crystal thin film, especially an ink jet type recording head are offered, it can do. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, this invention person came to acquire the 
knowledge of the oxygen density in a piezo electric crystal thin film falling, and degrading a 
piezoelectric strain constant by this heat treatment Then, the following judgments were acquired 
when this invention person examined this reason wholeheartedly. That is, the platinum used as the 
bottom electrode of a piezo electric crystal thin film is rich in the property to adsorb oxygen so 
that clearly from it being what is used as an oxidation catalyst. 

[0008] Therefore, a bottom electrode is made combined with the titanium which carried out the 
trap of the oxygen in PZT when PZT was sintered, and has been diffused in a bottom electrode. 
[0009] Then, this invention aims at offering the manufacture approach of a piezo electric crystal 
thin film excellent in the piezo electric crystal property in the process which forms a piezo electric 
crystal thin film by preventing lowering of the oxygen density in a piezo electric crystal thin film, in 
order to solve such a technical problem. 

[0010] Other objects of this invention are offering such a piezo electric crystal thin film. The object 
of further others of this invention is offering the actuator equipped with this piezo electric crystal 
thin film, especially an ink jet type recording head. 
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MEANS 



[Means for Solving the Problem] In order to attain this object, this invention forms a top electrode 
and a bottom electrode on both sides of the piezo electric crystal film which consists of the 
polycrystalline substance, and is characterized by heat-treating under an oxygen ambient 
atmosphere before after [ said bottom electrode formation ] piezo electric crystal thin film 
formation in the manufacture approach of the piezo electric crystal thin film which carries out the 
formation postheat treatment of said piezo electric crystal on a bottom [ this ] electrode. Said 
oxygen ambient atmosphere is desirable and oxygen tension is 60% or more of range (with volume 
ratio). When oxygen tension is less than 100%, other gas is nitrogen or an argon. 
[0012] Furthermore, in the piezo electric crystal thin film equipped with the piezo electric crystal 
film which consists of the polycrystalline substance, and an electrode when arranged on both sides 
of this piezo electric crystal film and a bottom electrode, before the piezo electric crystal thin film 
concerning this invention forms a piezo electric crystal thin film on said bottom electrode, it heat- 
treats and said bottom electrode consists of under oxygen existence. 

[0013] Moreover, other piezo electric crystal thin films concerning this invention are characterized 
by the oxygen ratio of concentration (r) of the oxygen density in the piezo electric crystal thin film 
near said bottom electrode and a piezo electric crystal thin film being in or more 0.9 1.2 or less 
range in the piezo electric crystal thinHlIm thing equipped with the piezo electric crystal film which 
consists of the polycrystalline substance, and an electrode when arranged on both sides of this 
piezo electric crystal film and a bottom electrode. Here, an oxygen density (r) is displayed as 
follows. Near means less than 10x10 - 9m. 

[0014] r= (oxygen density in the piezo electric crystal film the oxygen density / near the bottom 
electrode) [ in a piezo electric crystal thin film ] 

Furthermore, this invention is characterized by being the actuator which uses said piezo electric 
crystal thin film as a mechanical stress generating means. Furthermore, this invention is 
characterized by being the ink jet type recording head equipped with said actuator. 
[0015] 

[Embodiment of the Invention] Next, the gestalt of operation concerning this invention is explained 
with reference to a drawing. In addition, the gestalt of this operation explains the case where the 
PZT film is formed as piezo electric crystal film. 

[0016] (Gestalt 1 of operation) Drawing 1 is the sectional view showing the configuration of the 
piezo electric crystal component concerning this invention. This piezo electric crystal thin film is 
equipped with the electrode 16 after being formed on a silicon substrate 11, the silicon oxide 12 
formed on the silicon substrate 11, the PZT film 15 formed on silicon oxide the titanium film 
(Ti/Ti02/Ti) 13 formed 12 top and the bottom electrode (Ti/Pt) 14, and the PZT film 15, and is 
constituted. 

[0017] Said bottom electrode 14 is formed from the platinum combined with the layer of titanium 
and titanium oxide like previous statement at the time of film production. By making the bottom 
electrode 14 such a configuration, since it says that the lattice constant of the bottom electrode 
14 and the lattice constant of the PZT film 15 can carry out near, adhesion with the PZT film 15 
formed in behind can be raised. 

[0018] The titanium layer which consists of (Ti/Ti02/Ti) is formed for raising the adhesion 



between silicon oxide and a platinum layer on silicon oxide 12. Furthermore, Ti is formed on 
platinum for making a piezo-electric thin film into a columnar structure like the aftei^mentioned. 
[0019] this invention persons have proposed from sometime past that a piezo electric crystal 
property can be improved by making the crystal structure of a piezo electric crystal thin film into a 
columnar structure. The crystal structure of a piezo electric crystal thin film can be adjusted to 
structure which raises a piezo electric crystal property by forming titanium in the shape of an 
island on platinum. 

[0020] In addition, (Ti/Ti02/Ti) of the titanium film is not observed with a scanning electron 
microscope by annealing performed after PZT film production as what is spread in Pt or Si02 and 
forms a layer special on a bottom electrode, either. 

[0021] The PZT film 15 consists of the polycrystalline substance, and the grain boundary of this 
crystalline exists in the abbreviation perpendicular direction to the flat surface of the vertical 
electrodes 14 and 16, as shown in drawing 3 and drawing 4 . That is, the crystal grain of PZT has 
accomplished the columnar structure. 

[0022] That to which this PZT film 15 uses binary system as a principal component, and the thing 
which uses as a principal component three-component system which added the third component 
to this binary system are used suitably. What has the presentation expressed with the chemical 
formula of Pb(ZrxTi 1-x) 03+YPbO (being here 0.40<=X<=0.6, 0<=Y<=0.3) as a desirable example of 
binary system PZT is mentioned. 

[0023] Moreover, as a desirable example of three-component system PZT, what has the 
presentation expressed with the chemical formula shown in the following which added the third 
component is mentioned to PZT of said binary system. 
[0024] 

PbTiaZrb(AgBh) c03+ePbO+(fMgO)n (here, A expresses the trivalent metal chosen from the group 
which consists of a divalent metal chosen from the group which consists of Mg, Co, Zn, Cd, Mn, 
and nickel, or Sb, Y, Fe, Sc, Yb, Lu, In and Cr.) Moreover, B expresses the pentavalent metal 
chosen from the group which consists of Nb, Ta, and Sb, or the metal of 6 ** chosen from the 
group which consists of W and Te. Moreover, although it is a+b+c=1, 0.35<=a<=0.55, 0.25<=b<=0.55, 
0.1<=c<=0.4, 0<=e<=0.3, 0<=f<=0.15c, g=f=1/2, and n= 0 however, A — a trivalent metal — it is — 
and B — the metal of 6 ** — not but — moreover, the case where g is 1/3, and h is 2/3, and Mg 
and B of A are Nb(s) when A is a divalent metal and B is a pentavalent metal — as long as — n 
expresses 1. 

As a more desirable example of three-component system, magnesium lead niobate, i.e., A, is Mg, B 
is Nb, and that 1 /whose 3h g is 2/3 is mentioned. 

[0025] Furthermore, even if it is any of these binary system PZT and three-component system 
PZT, in order to improve the piezo-electric property, Ba, Sr, La, Nd, Nb, Ta, Sb, Bi, W, Mo, calcium, 
etc. of a minute amount may be added. In three-component system, addition of Sr not more than 
0.10 mol % and Ba is especially much more desirable to an improvement of a piezo-electric 
property. Moreover, since addition of Mn not more than 0.10 mol % and nickel improves the degree 
of sintering in three-component system, it is desirable. 

[0026] In the process which forms the piezo electric crystal thin film 15, in order to acquire 
structure like previous statement, predetermined heat treatment is performed. According to the 
place which this invention persons examined, the oxygen in PZT is spread in a bottom electrode in 
the case of this heat treatment. If a bottom electrode is formed by sputtering so that it may 
mention later, it will check that an electrode has a columnar structure like PZT. In this crystal 
structure, the inclination for the trap of the oxygen to be carried out to a grain boundary is strong, 
and the titanium diffused in platinum forms an oxide in this grain boundary. 

[0027] Then, this invention person proposed forming heat treatment for a bottom electrode under 
oxygen existence, before annealing PZT, as shown below. Drawing 4 is the scanning 
microphotography which shows the cross section of the cross direction of the piezo electric 
crystal thin film formed by the approach described below, and was obtained under conditions with 
an acceleration voltage [ of 15kV ], and a cash-drawer electrical potential difference of 4.0kV. 
[0028] According to this, it turns out that a bottom electrode and the piezo electric crystal film 
have the pillar-shaped crystal structure mostly mentioned already. The trap of the oxygen in a 



piezo electric crystal thin film is carried out to each grain boundary in a bottom electrode. . 
Moreover, it has appeared as a round grain which the compound of the oxygen and Ti which were 
diffused in platinum is among a bottom electrode, and carried out division-into-equal-parts powder 
by heat treatment under the oxygen ambient atmosphere of a bottom electrode. 
[0029] Next, the manufacture approach of the piezo electric crystal thin film concerning 1 
operation gestalt of this invention is explained with reference to a drawing. 

[0030] Drawing 5 (a) thru/or drawing 5 (c) are the sectional views showing the production process 
of the piezo electric crystal thin film mentioned above. At the process shown in drawing 5 (a), it 
oxidizes thermally to a silicon substrate 11, and the silicon oxide 12 whose thickness is about 0.3- 
1.2 micrometers is formed on a silicon substrate 1 1. Next, the thickness as the whole forms the 
titanium film 13 which consists of Ti/Ti02/Ti (0.01 micrometers thru/or about 0.04 micrometers) 
on silicon oxide 12 by the spatter. Subsequently, the bottom electrode 14 which consists of 
platinum is formed by about 0.2-0.8-micrometer thickness on the titanium film 13 by the spatter. 
[0031] The spatter conditions at this time are as follows. The direct-current sputtering system 
was used as equipment. A spatter flow and pressure requirement is 0.4Pa. In Pt, electrical- 
potential-difference conditions are 1kw(s), and, in the case of Ti, it is 200w, and, in Ti02, is 300w. 
In the case of Pt and Ti, the conditions of a controlled atmosphere are among an argon, and, in 
Ti02, it is O2/Ar=10/90. 

[0032] subsequently, the component in the middle of this film production — a diffusion furnace — 
putting in — the bottom of an oxygen ambient atmosphere (60% or more of oxygen tension), 400, or 
600 degrees C — 30 — or it heats for 60 minutes, or a RTA (Rapid Thermal Annealing) furnace — 
this component — putting in — the inside of an oxygen ambient atmosphere (flow rate 5 L/min) — 
temperature 400 thru/or 600 degrees C — time amount — 60 — or it heats for 300 seconds. 
[0033] Next, titanium is formed in the shape of an island by the spatter on the bottom electrode 14 
formed at the process shown in drawing 5 (a) like the process shown in drawing 5 (b). Orientation 
of the crystal structure of a piezo electric crystal thin film can be strongly carried out to the 100th 
page by making this titanium into 40 thru/or 60A thickness. 

[0034] Subsequently, this PZT film 15 is produced on this. This is performed with a sol gel process. 
Here, suppose that PZT is manufactured with the multilayer coat of two coats 8 times using a sol 
gel process. This sol gel process is as follows. 

[0035] This manufacture approach is an approach of carrying out dehydration processing of the 
hydration complex of the hydroxide of the metal component which can form the PZT film 15, i.e., 
the sol, considering as gel, carrying out heating baking of this gel, and adjusting an inorganic oxide. 
This manufacture approach consists of each following process. 

[0036] a. In the gestalt of membrane formation process book operation of a sol constituent, the sol 
of the metal component which constitutes the PZT film can hydrolyze and adjust from an acid the 
metaled alkoxide or the acetate which can form the PZT film. In this invention, the presentation of 
the PZT film mentioned above can be acquired by controlling the presentation of the metal in a sol. 
That is, let titanium, a zirconium, lead, each alkoxide of the metal component of further others, or 
acetate be a start raw material. 

[0037] Here, there is an advantage that the presentation of the metal component which will 
constitute the PZT film by the time it considers as the PZT film (piezo electric crystal thin film) 
eventually is maintained mostly. That is, the presentation of a metal component [ in / there are 
very little metal component and fluctuation especially according to evaporation of a lead 
component etc. during baking and annealing treatment, therefore / these start raw materials ] will 
be in agreement with the metal presentation in the PZT film obtained eventually. That is, the 
presentation of gel is determined according to the piezo electric crystal film (the gestalt of this 
operation PZT film) which it is going to generate. 

[0038] Moreover, in order to obtain the PZT film with which the lead component mentioned above 
becomes superfluous with the gestalt of this operation, 15-mol the thing carried out to an excess 
to % is preferably more desirable than the amount of which a lead component is required from a 
stoichiometry in a sol to 20-mol %. 

[0039] As for this sol, with the gestalt of this operation, it is desirable to be used as a constituent 
mixed with the organic high molecular compound. This organic high molecular compound prevents 



effectively that absorb the residual stress of a thin film at the time of desiccation and baking, and a 
crack arises in this thin film. If the gel containing this organic macromolecule is specifically used, 
pore will arise in the gelled thin film which is mentioned later. It is thought that this pore absorbs 
the residual stress of a thin film in pre annealing and the annealing process which are mentioned 
further later. Here, as an organic high molecular compound used preferably, polyvinyl acetate, 
hydroxypropylcellulose, a polyethylene glycol, the polyethylene-glycol monomethyl ether, a 
polypropylene glycol, polyvinyl alcohol, polyacrylic acid, a polyamide, the poly AMIKU acid, an acetyl 
cellulose, its derivative, and those copolymers are mentioned. 

[0040] In addition, with the gestalt of this operation, the porosity gel thin film which is 1 
micrometer or less in magnitude, and had large distribution can be formed by adding 
hydroxypropylcellulose for the porosity gel thin film which has much about 0.05-micrometer pores 
by adding polyvinyl acetate. 

[0041] With the gestalt of this operation, a with an average molecular weight of about 285 to 420 
thing is suitably used as a polyethylene glycol. Moreover, as a polypropylene glycol, a with an 
average molecular weight of about 300 to 800 thing is used suitably. 

[0042] By the manufacture approach concerning the gestalt of this operation, this sol constituent 
is first applied on the bottom electrode 14 (refer to drawing 5 (b)) which is going to form the PZT 
film 15. Especially the method of application at this time is not limited, but the approach usually 
performed, for example, a spin coat, a DIP coat, a roll coat, a bar coat, etc. can perform it. 
Moreover, it can also apply by flexographic printing, screen-stencil, offset printing, etc. 
[0043] Moreover, when the process after it is taken into consideration, as for the thickness of the 
film formed of said spreading, it is desirable to control so that the thickness of the porosity gel thin 
film formed in the gelation process mentioned later is set to 0.3 micrometers or less, and it is good 
to be more preferably referred to as about 0.2 micrometers. 

[0044] Next, the applied sol constituent is heated at air drying or the temperature of 200 degrees 
C or less. Here, said sol constituent can be further applied on this film dried (heating), and 
thickness can also be thickened. In this case, as for the film used as a substrate, it is desirable to 
dry at the temperature of 80 degrees C or more. 

[0045] b. Calcinate the film obtained at the gelation process of the film which consists of a sol 
constituent, next the membrane formation process of a sol constituent mentioned above, and form 
the porosity gel thin film which consists of an amorphous metallic oxide which does not contain the 
residual organic substance substantially. 

[0046] Baking is sufficient temperature to gel the film of a sol constituent and remove the organic 
substance out of the film, and is performed by [ sufficient ] carrying out time amount heating. It is 
desirable to make burning temperature into 300-450 degrees C with the gestalt of this operation, 
and it is still more desirable to make it 350-400 degrees C. 

[0047] Although it changes with temperature and the formats of a furnace to be used, when a 
cleaning furnace is used for example, about 10-120 minutes of firing time are desirable, and it is 
more desirable to consider as about 15-60 minutes. Moreover, when a hot plate is used, about 1 
- 60 minutes is desirable, and it is still more desirable to consider as about 5-30 minutes. 
[0048] Of the above process, the porosity gel thin film was formed on the bottom electrode 14. 
[0049] c. Carry out heating baking of the porosity gel thin film obtained at the pre annealing 
process, next the process b mentioned above, and change this film into the film which consists of a 
metal oxide film of a crystalline substance. 

[0050] What is necessary is not to perform baking until a perovskite mold crystal occupies most 
during a crystal, and just to terminate it, when a gel thin film crystallizes to homogeneity although 
carried out at temperature required in order to change a porosity gel thin film into the film which 
consists of a metallic oxide of a crystalline substance. With the gestalt of this operation, as a 
burning temperature, the range of 400-800 degrees C is desirable, and it is more desirable to 
calcinate in the range which is 550-750 degrees C. Although it changes with burning temperature 
and the formats of a furnace to be used, when using an annealing furnace, for example, about 0.1 - 
5 hours of firing time are desirable, and it is more desirable. [ of about 0.5 - 2 hours ] Moreover, 
when a RTA (Rapid Thermal Annealing) furnace is used, about 0.1 - 10 minutes is desirable, and 
about 1-5 minutes is more desirable. 



[0051] Moreover, with the gestalt of this operation, this pre annealing process can be divided into 
two steps, and can be carried out As a first stage story, annealing can be performed at the 
temperature of the range of 400-600 degrees C, next, specifically, annealing can be first performed 
at the temperature of the range of 600-800 degrees C as a second stage story. Furthermore, as a 
first stage story, annealing can be performed at the temperature of the range of 450-550 degrees 
C, next annealing can be preferably performed at the temperature of the range of 600-750 degrees 
C as a second stage story. 

[0052] According to this process, the porosity gel thin film was transformed to the film which 
consists of a metal oxide film of a crystalline substance. 

[0053] d. It consists of a metal oxide film according to the pre annealing process of Process C, and 
carry out film conversion, after repeating the processes a and b mentioned above further 3 times a 
repeat process, next henceforth and carrying out the four-layer laminating of the porosity gel thin 
film. Subsequently, island-like titanium is formed in the shape of an island by the approach as 
stated above on PZT, and the processes a and b as stated above are repeated further 4 times. 
[0054] What is necessary is just to determine suitably the number of laminatings of the cascade 
screen obtained as a result of this repeat process in consideration of the thickness of the final 
PZT film 15. Here, it is good that it is 0.15 micrometers of hits much more. In addition, it cannot be 
overemphasized that it is desirable that it is the thickness which a crack etc. does not generate in 
degree process (process e) mentioned later. 

[0055] At this repeat process, the porosity gel thin film which newly formed the porosity gel thin 
film and was newly formed on the film formed previously as a result of subsequent pre annealing 
turns into film formed previously and film unified substantially. 

[0056] Here, a discontinuity layer may be not only when there is no discontinuity layer between the 
layers by which the laminating was carried out to the film unified substantially but between the 
layers by which the laminating was carried out unlike the case of the PZT film 15 concerning the 
gestalt of this operation obtained eventually. And in repeating Processes a, b, and c further, a still 
newer porosity gel thin film is formed, and this new porosity gel thin film turns into film 
substantially united with the cascade screen of the crystalline substance obtained above as a 
result of subsequent pre annealing. 

[0057] e. Perform annealing on the film obtained at the perovskite mold crystal growth process, 
next said process d in 800-1000 degrees C still more preferably the burning temperature of 600- 
1200 degrees C. Although it changes with burning temperature and the formats of a furnace to be 
used, when an annealing furnace is used for example, about 0.1 - 5 hours of firing time are 
desirable, and it is more desirable. [ of about 0.5 - 2 hours ] Moreover, when a RTA furnace is 
used, about 0.1 - 10 minutes is desirable, and about 0.5 - 3 minutes is more desirable. 
[0058] Moreover, with the gestalt of this operation, this perovskite mold crystal growth process, 
i.e., annealing, is divided into two steps, it is carried out, and is made. Annealing is performed at the 
temperature of about 600-800 degrees C, and, specifically, the temperature of 800-1000 degrees C 
performs annealing on a second stage story on a first stage story. Furthermore, preferably, 
annealing can be performed at the temperature of about 600-750 degrees C, and the temperature 
of 800-950 degrees C can perform annealing on a second stage story on a first stage story. 
[0059] Of the above actuation, PZT whose thickness which consists titanium of the polycrystalline 
substance of the shape of a column which grew as a nucleus is 1.2 micrometers is formed on the 
bottom electrode 14. 

[0060] Next, it precedes forming the piezo electric crystal thin film after bottom electrode 
formation, and the comparison of a piezo-electric property with the case (comparison method) 
where it is made the same conditions is shown [ all of the case (this invention method) where 
previous statement is heat-treated, and except for having not performed it ]. 
[0061] 

150 (pC/N) 11. 2 1500 

fl£3fe*fc 120(pC/N) 9.0 1500 



Thus, according to this invention method, the piezo electric crystal thin film which excelled [ all ] in 
the piezo-electric property as compared with the conventional method can be obtained. When this 
invention person measured the oxygen density in a piezo electric crystal thin film, and the oxygen 
density in the piezo electric crystal film near 10nm near the bottom electrode in the piezo electric 
crystal thin film obtained by this invention method, the oxygen density in the piezo electric crystal 
film near the bottom electrode was large as compared with it in a piezo electric crystal thin film, 
and it checked that said ratio (r) had been 0.95. Moreover, the oxygen density in the piezo electric 
crystal film near the bottom electrode was 35 atoms %. 

[0062] When this invention person inquires wholeheartedly, as for the ratio (r) of both oxygen 
density, it is desirable that it is the range of 0.9 thru/or 1.2, and, as for the oxygen density of the 
inside near the bottom electrode, it is desirable that it is the range of 30 thru/or 60 atom %. On the 
other hand, a ratio (r) is about 0.67 and, as for these properties of a conventional method, unlike 
this invention, lowering of the oxygen density in the PZT film was observed notably. In addition, 
measurement of these oxygen densities was performed as follows. 

[0063] The thin film fragmentation of the piezo electric crystal thin film was carried out with the 
low angle ion milling system, and the component analysis of this was carried out in TEM 
(transmission electron microscope), the used equipment and low angle ion milling — Japan Fiji tech 
and — Hang lei It is made in Linda and TEM is Philip FEG-CM200TEM. In addition, the applied 
voltage in the case of the XEDX observation by TEM is 200kV. 

[0064] A measurement result is data which took the average of four points, and is as follows. 
[0065] 

PZTW* THffii£# 
if$m 33.8 35.3 
26.4 39.2 

(The unit of data is atomic %.) 

According to this invention, a piezoelectric constant (d31) can be improved 20 to 30% compared 
with the conventional thing. 

[0066] The process of drawing 5 (b) is ended by the above, and it shifts to the process shown in 
drawing 5 (c) below. At this process, thickness forms the electrode 16 when consisting of about 
0.2-1 .0-micrometer aluminum by the spatter on the PZT film 15 obtained at the process shown in 
drawing 5 (b). 

[0067] Thus, the piezo electric crystal thin film as shown in drawing 2 was obtained. In addition, it 
was checked that there is no generating of a crack in the obtained PZT film 15, and the surface of 
discontinuity of the shape of a layer by the laminating does not exist in a cross section, either. 
[0068] Drawing 6 is the sectional view showing one ink reservoir part of the ink jet type recording 
head which used the piezo electric crystal thin film concerning this invention as a trembler. 
[0069] The ink jet type recording head concerning the gestalt 3 of operation The silicon substrate 
21 in which the ink reservoir 27 was formed as shown in drawing 6 , The diaphragm 22 formed on 
the silicon substrate 21, and the bottom electrode 23 formed in the request location on a 
diaphragm 22, It is on the bottom electrode 23, and it has the piezo electric crystal thin film 24 
formed in the location corresponding to the ink reservoir 27, the electrode 25 after being formed 
on the piezo electric crystal thin film 24, and the 2nd substrate 26 joined to the underside of a 
silicon substrate 21, and is constituted. 

[0070] The bottom electrode 23 has the same configuration as the bottom electrode explained with 
the gestalt 2 of operation. Moreover, the piezo electric crystal thin film 24 has the same 
configuration as the PZT film explained with the gestalt 1 of operation. 

[0071] Ink is supplied to the ink reservoir 27 through the ink passage which does not illustrate this 
ink jet type recording head. Here, if an electrical potential difference is impressed to the piezo 
electric crystal film 24 through the bottom electrode 23 and the top electrode 25, the piezo 
electric crystal film 24 will deform and a pressure will be applied to the ink in the ink reservoir 27. 
It is breathed out by this pressure from the nozzle which ink does not illustrate, and ink jet record 
is performed with it 



[0072] Since the piezo electric crystal thin film excellent in the piezo-electric property as stated 
above is used for this ink jet type recording head as vibrator, it can make ink breathe out by the 
big pressure here. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view of the piezo electric crystal thin film concerning the gestalt 1 of 
operation of this invention. 

[Drawin g 2] It is the scanning electron microscope (SEM) photograph in which the cross section of 
the PZT film which constitutes the piezo electric crystal thin film concerning the gestalt 1 of 
operation is shown. 

[Drawing 3] It is the scanning electron microscope photograph in which the flat surface of the PZT 
film shown in drawing 2 is shown. 

[Drawing 4] It is the scanning microscope (SEM) photograph in which the cross section of the 
piezo electric crystal thin film obtained according to the production process of this invention is 
shown. 

[Drawing 5] (a) Or (c) is the sectional view showing the production process of the piezo electric 
crystal thin film mentioned above. 

[Drawing 6] It is the sectional view showing one ink reservoir part of the ink jet type recording 
head which used the piezo electric crystal thin film concerning this invention as a trembler. 
[Description of Notations] 

11 21 Silicon substrate 

12 Silicon Oxide 

13 Titanic-Acid-ized Film 

1 4 23 Bottom electrode 
14B Titanium seed crystal 

15 PZT Film 

16 25 Top electrode 
22 Diaphragm 

24 Piezo Electric Crystal Thin Film 

26 Substrate 

27 Ink **** 
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[Procedure amendment] 

[Filing Date] April 15, Heisei 16 (2004. 4.15) 

[Procedure amendment 1] 

[Document to be Amended] Description 

Qtem(s) to be Amended] Claim 

[Method of Amendment] Modification 

[The content of amendment] 

[Ciaim(s)] 

[Claim 1] 

jThe manufacture approach of the piezo electric crystal thin film characterized by heat-treating 
under an oxygen ambient atmosphere before after [ said bottom electrode formation ] piezo 
electric crystal thin film formation in the manufacture approach of the piezo electric crystal thin 
film which consists of a top electrode and a bottom electrode on both sides of a piezo electric 
crystal thin film, and carries out the formation postheat treatment of said piezo electric crystal thin 
film on the bottom electrode concerned. 
[Claim 2] 

jThe approach according to claim 1 said oxygen ambient atmosphere is 60% or more of oxygen 

tension. 

[Claim 3] 

The piezo electric crystal thin film which comes to heat-treat said bottom electrode under oxygen 
existenceiin the piezo electric crystal tfiin film equipped with the piezo electric crystal thin film r 

' ^~ w: <~~~~, — -L — , — %*l~> — S~ — . — — ,j£«w^£jSww — ii^ — ;„ ^^ ^£~~L 



which consists of the polycrystalline substance, and an electrode when arranged on both sides of 



The piezo electric crystal thin film characterized by the oxygen ratio of concentration the oxygen 
density of the piezo electric crystal thin film near said bottom electrode and in the middle of a 
piezo electric crystal thin film (r) being in or more 0.9 1.2 or less range in the piezo electric crystal 
thin film equipped with the piezo electric crystal thin film which consists of the polycrystalline 
substance, and an electrode when arranged on both sides of this piezo electric crystal thin film and 
a bottom electrode, 

r= (oxygen density in the piezo electric crystal thin film the oxygen density / near the bottom 
electrode) [ in the middle of a piezo electric crystal thin film ] 
[Claim 5] 

The piezo electric crystal thin film to which said bottom electrode is characterized by oxygen 
existing the crystal structure of a columnar structure in nothing and its grain boundary in said 
piezo electric crystal thin film according to claim 3 or 4. 
[Claim 6] 

The actuator which uses said claim 3 thru/or the piezo electric crystal thin film of any one 
publication of five as a mechanical stress generating means. 
[Claim 7] 

The ink jet type recording head equipped with said actuator according to claim 7. 

[Procedure amendment 2] 

[Document to be Amended] Description 

[ltem(s) to be Amended] 0011 

[Method of Amendment] Modification 

[The content of amendment] 

[0011] 

[Means for Solving the Problem] 

In order to attain this object, this invention consists of a top electrode and a bottom electrode on 
both sides of a piezo electric crystal thin film, and is characterized by heat-treating under an 
oxygen ambient atmosphere before after [ said bottom electrode formation ] piezo electric crystal 
thin film formation in the manufacture approach of the piezo electric crystal thin film which carries 
out the formation postheat treatment of said piezo electric crystal thin film on the bottom 
electrode concerned. Said oxygen ambient atmosphere is desirable and oxygen tension is 60% or 
more of range (with volume ratio). When oxygen tension is less than 100%, other gas is nitrogen or 
an argon, 

[Procedure amendment 3] 
[Document to be Amended] Description 
[item(s) to be Amended] 0012 
[Method of Amendment] Modification 
[The content of amendment] 

[0012] &M:i§MiM^ :W$W9S ' ' ' \ 

Furthermore, in the piezo electric crystal thin film equipped with the piezo electric crystal thin film 
which consists of the polycrystalline substance, and an electrode when arranged on both sides of 
this piezo electric crystal thin film and a bottom electrode, before forming a piezo electric crystal 
thin film on said bottom electrode, said bottom electrode is heat-treated under oxygen existence, 
and it is constituted. \ 
[Procedure amendment 4] \ 
[Document to be Amended] Description 
[Item(s) to be Amended] 0013 
[Method of Amendment] Modification 
[The content of amendment]l^^^pi. 
[0013] 

Moreover, other piezo electri^^f^tal thin films concerning this invention are characterized 

U •, :..< \- > > , y.:,.:^l^^MM^^^^^mi^ ~ : xamBmMMi*'* wo ^^m^sssmsrt - \ 



oxygen ratio of concentration the oxygen density of the piezo electric crystal thin film near said 
bottom electrode and in the middle of a piezo electric crystal thin film (r) being in or more 0.9 1.2 
or less range in the piezo electric crystal thin film equipped with the piezo electric crystal thin film 
which consists of the polycrystaliine substance, and an electrode when arranged on both sides of 
this piezo electric crystal thin film and a bottom electrode. Here, an oxygen density (r) is displayed 
as follows. In addition, near means less than 10x10 - 9m. Here, it considers as r~ (oxygen density in 
the piezo electric crystal film the oxygen density / near the bottom electrode). [ in a piezo electric 
crystal thin film J Furthermore, in the above-mentioned piezo electric crystal thin film, said bottom 
electrode is characterized by oxygen existing the crystal structure of a columnar structure in 
nothing and its grain boundary. 

[Procedure amendment 5] ! 

[Document to be Amended] Description 

[Item(s) to be Amended] 0014 

[Method of Amendment] Modification 

[The content of amendment] 

[0014] 

Furthermore, this invention is characterized by being the actuator which uses said piezo electric 

crystal thin film as a mechanical stress generating means. Furthermore, this invention is 

characterized by being the ink jet type recording head equipped with said actuator. 

[Procedure amendment 6] 

[Document to be Amended] Description 

Dtem(s) to be Amended] 001 6 

[Method of Amendment] Modification 

[The content of amendment] 

[0016] 

(Gestalt 1 of operation) 

Drawing 1 is the sectional view showing the configuration of the piezo electric crystal thin film 
concerning this invention. This piezo electric crystal thin film is equipped with the electrode 16 
after being formed on a silicon substrate 11, the silicon oxide 12 formed on the silicon substrate 
11, the PZT film 15 formed on silicon oxide the titanium film (Ti/Ti02/Ti) 13 formed 12 top and the 
bottom electrode (Ti/Pt) 14, and the PZT film 15 (it is suitably expressed as "the piezo electric 
crystal thin film 15".), and is constituted. 
[Procedure amendment 7] 
[Document to be Amended] Description 
[Item(s) to be Amended] 0061 
[Method of Amendment] Modification 
[The content of amendment] 
C0061] 




150(pC/N) 11.2 1500! 
12MC/N) 9^ ^ 1500f 

Thus, according to this invention method, the piezo electric crystal thin film which excelled [ all ] in 
the piezo-electric property as compared with the conventional method can be obtained. When this 
invention person measured the oxygen density in the middle of a piezo electric crystal thin film, 
and the oxygen density in the piezo electric crystal film near 10nm near the bottom electrode in 
the piezo electric crystal thin film obtained by this invention method, the oxygen density in the 
piezo electric crystal film near the bottom electrode was large as compared with it in the middle o 
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IS. **u«R©xa*5MM-<5fc* «3*i-5^/Wk;xa 

[0 0 4 4] Set::, a*S^fc^/HHrii*«:g»*aft. 10 
[0 0 4 5] b . 5//Htaj**^6<CSKoy/Wtxa 

ffiraufcy/ulWtt^jaiBlxaTWfcBt*^ 
35 * 6 ft €> jf y /mil« S: Mf&-r 6 o 

[0046] jfeatfi, y/^m^^<Dm^^f/Hti^ 20 

3 0 0-4 5 0 tllfS C ^ L < , 350 

-4 0 otm:^^$bc^ii\ 
[0047] nummi*. matRxmm-r&iFiomtt 

10-12 0»g«^L<, 15-605>M^t 

tniH^Pjd^ 30 

[0 0 4 8] gUnDXai-ioT. TSffil 4_LU:#?L 
[0 0 4 9] c. /L/Tr:-;Hg 

So 

[0050] ^fi. &iLW7;mm$:i&Mtm<o±mm 

ft 5 mzW&t Zfcfr \z&m ft i£J£ Xff o & . 
5i&«lift<. ^SIBI*sjs— ^je*ftUfc«FjR-CI»T <o 
0-8 0 Ottf^Ha 5 ^ L< , 5 5 0-7 5 0t(7)i 

i&j&Rtfi&m^zipiDMmcX'Dxmk-rztK mx.& 

7^-/U*P^ffflf6^ll 0. l~5B#RilSff## 
£ U< . 0. 5-2^11g^J:^* U\ R 
TA (Rapid Thermal Anneal ing) *p£:fflt 
0. 1~105>M^L<, l-5i>g«A J J:5» 
* Ll\, 

[0 0 5 1] *jli6<D*iB-m. so 



/wxaS:Xa»Jc»itTStt6-rsc:i:!ftST#6. ftffctf) 
fctiu jfei\ f§-Hf&Pg£ Lt, 4 0 0-6 0 or^JSH 

oias-er^-/^fTi\ &ic fgxisisg,*: it, 6 o 

0 — 8 0 O'COf&B^fagT-T^— Z.tffiX'% 
5 0 ^bC^Kll g-W^: Lt, 450 

&F£t IX, 6 0 0-75 Ot^tQl^jagT'T^"^ 

[0 0 5 2] ^(DlH(iJ;oT, #7LHy^»B8SrJBS 

[0 0 5 3] d. ^^jlUXa 

*tfc:*J5fcU RiilWXSa. b^$^(^40^«9ig-r o 

[0 0 5 4] r<D^t)jgLXa^^^#^^5aSIi^ 
SMSfctt. i^PZTll S^lf^lLTlt 
»^-*-*U:f wwT**±, — B*!ifc:!>0. 15nmX 

fc5:t^^ 0 ft4b\ t&xe-rs&xa die) icjo 

[0 0 5 5] C<^j»?>jlLXaT*fi, 9t\ZMfSLL,tzM±. 

loose] rc-c\ mnrnz-mttstifrmti*. m 
<ommi^&z>m:ifemzmt>thz>p zth 5<z)»&£s 

ttMOfflMI t mtft fc-flefl: £ ftfcK £ ft 5 0 
[0 0 5 7] e. ^p^^>( h«Mf II 

ffiKxadt?»fcBtfc. «fc/S;ifi«6 0 0-1 2 0 
or. $ <bM£f£ L< f28 0 0— 1 0 0 Ot^glT'7 

0. l-5SPflgS^K, 0. 5-2B#r«1 
fi. 0. l-10^Sg^K, 0. 5-3#a^ 

[0058] *jtifi«>*l8-ef4. 
o-8 o o c cas^(ag-er^-/u$:ffi/\ Igxjgisg-e 

8 0 0—1 00 0°C(Di^X'T^—/U^rf^ o ^ 
fc. $e>(C»*L<tt. S-9Ktli, 6 0 0-7 5 0 
X:m&<Di&mXT =--/i-$:frl\ SXSiS-Ctt. 8 0 0. 
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-95 o < c<oiasr*r=— /wsrff 5 zt&xzz> 0 

[0 0 5 9] £JL±(7)»mc<to-C. T^ffi 1 4 ±.{Z S 
[0 0 6 0] fttc. T«ffi«tf «E«»WR**/S"r 6 

[0 0 6 1] 

*58WS 150(pC/N) 11.2 1500 

120(pC/N) 9.0 1500 

LTfem&mzmfrtcizmftnmm+zmz z t a*x# 

Um-*5^X. BE«*H»l»*^»*»fl[i:T«BS«l 
tu^Jtifcux;*:^ , ffiriatb (r) ^0. 

££SrWS&Lfc 0 TlM§^EIMIt^S5$ 20 

[0 0 6 2] *»M#*s««*WLfci:Ci^, M^og£ 
Sf»fftf>Jt (r) 12 0. 9 75M1. 2 60®HX*$>€>r.i: 
#»*L<, Tmffi»«*«0»lR»Stt. 3 07!; 

T«*ifeOCttf>tOi|#ttfi x tfc (r) #0. 6 7gfif 

&mmzmmts tit. zti^<ommmm<om^ 
[0063] EEm*f?JS^r®^-f a-vs y >-^bkx 30 

MWrJWtU CWTEM (Sii^m^SS^) f-X 

y 7 7 P ?iiOFEG-CM2 0 0TEMX^6o 
ft. TEMia6XEDXl^(?)^MlEli2 0 0 

[0 0 6 4] U^lt 4 &<D¥m&&^tC7 f —* X' 

[0 0 6 5] 

33.8 35.3 

«3fe 26.4 39.2 

^^(atlll £E«^St (d3i) £20-30%, 
%z<Di><D\z\£^<Xfa±X$ 5 0 

[0 0 6 6] J£JLLKJ;*)E5(b) (^I1S:»7L, ft 
I:i5 (c) fr^-rxSf-^frT 6 0 £ <DT.Hxnm 5 (b) 
tOTtlgX-ll/c P Z TfUl 5±fc. J; o 

X. ^H* 5 . 0. 2 — 1. 0^mgg(D7^;^')^ 

ib&<5-hmii 1 6 &mi&-rz> 0 » 
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[0 0 6 7] Z<D± 9l:LT, m 2 i^-rj: ^ ftffimfr 

[0 0 6 8] B6lt ^JgH^A^ESMRX^friK 
[0 0 6 9] ^^^3{Z#5^^^^3,-/ h^fS^ 

^yKfl, 6 Ui^-r J: 5 ^y^S^2 7«$ 
ttfc'>y 3>stK2 1 ^!l3y|fi2lJ:l«$ 

2 2 fi|btR2 2±^>Bfafit«J-**SiX 
fcT«ffi2 3£, T«i2 3±T-fcoT, -f^8«>2 
7i^»/SLfcffi«^«j«StbfcJE«ft:»Bl2 4 ffi® 
2 4 S*bfc±«« 25^ ySfi 

2 1^TH:^$^ci2(Dlffi2 6^ *«*_T« 

[0070] rsffi 2 3 fi, nm<DMm 2 xtaw l/ct 

tt. iS^l 1 1*^ Lfc P Z TI t l^i^M!: t 
LXl/^o 

[0 0 7 1] C<7M V^v^ry h*fB»^y Kfl, 0** 

feStt^o ::t\ T1S2 3 £_hm*£2 5 t&fti, 

X. /£m#R2 4^®ffi£E|tfnH-5<^ £t#R2 4^ 

ae»uT>r ^^»ae>2 7F^^^^^^m^^^D±^ 0 r 

[0072] nx% c^^y^^^h^E^y K 
LXJS^X^<5/c#>> *#/jrJEE*TM >^£rP±tt£-ti:6 
[0 0 7 3] 

-TSiiSic^X, ffim*»R*o»*a«0>ffiTS:6& 

[0074] ^y*. **M^j:tLtf. BEm*»Bi+^e 
[0075] **^^<ttLtf. z<DE.m&m£ 

[l^ffiOfBim^tft^] 

[ig 1 ] *&m<nmm<Ditm 1 i^se^w^w 
©rsiax^^o 

[i2] mm<nmm 1 ^«s/E«*»iw*^sr»*i-5 

P Z Tl^iiSr/TtMSl^ g»i (SEM) ¥K 
X^>5 0 

[0 3] i 2 lOTt P Z TK(D^ffi^^tM117-I 
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